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\ 1 A meth ° d ° f P hotoresist Processing comprising: 
providing a substrate over which is formed composite 
layers of insulation comprising a first layer of dielectric 
separated from a second layer of dielectric by/an 
intermediate etch stop layer of dielectrics 

forming a top dielectric layer ove^/said composite 
layers of dielectric; 

forming a first photoresist Lafyer over said composite 
layers of dielectric insulatiory4nd top insulating layer; 
10 patterning a via hole pattern in said first photoresist 

layer by exposing to I-lirus 365nm radiation and developing; 

forming a second photoresist layer over via patterned 
said first photoresisje layer ; 

i\y*e pattern in second photoresist 



patterning a trench 



-XSV 



layer by exposing to deej$-uV 248nm radiation and developing; 

etching to£> and second layer of dielectric underlying 
first layer or photoresist using the via hole pattern layer; 

etchir>g said intermediate layer of dielectric under said 
second la^er of dielectric using the first layer of 
photoresist as a mask; 

niching said composite layer of insulation transferring 
saic^/ trench line pattern into said first layer of photoresist 
angl into said second layer of dielectric and transferring 
id via hole pattern into said intermediate layer of 
ielectric and into said first layer of dielectric- 
removing said layers of photoresist and filling the 
trench line and via hole openings with metal. 
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2. The method of claim 1, wherein said substrate is 
semiconductor single crystal silicon or an IC module. 



j^\>3. The method of claim 1, wherein s^*a composite layers 
of 7 insulation are low dielectric consent dielectric material 
which are selected from the group/6onsisting of SiOF x , SiOC*, 
SiOH x , in a thickness from approximately 4000 to 1200 
Angstroms for said first l^frer of dielectric and in a 
thickness from approximately 4000 to 8000 Angstroms for said 
second layer of dielectric. 



jj^aim 1, 



4 ♦ The method of fc£aim 1 , wherein said intermediate 
etch stop lc^er of dielectric is selected from the group 
consisting^ of silicon nitride, Si x N y , in a thickness from 
approxinfately 200 to 500 Angstroms, and can used in tandem 
with ^another etch stop layer or without said etch stop 
layjers . 



5. The method of claim 1, wherein said top insulating 
layer is silicon oxynitride, SiON, in a thickness from 
approximately 300 to 1000 Angstroms. 




j^jN£>. The method of claim^, wherein said first 
photoresist layer is positive /[type photoresist selected from 
the group consisting oy I-liif& positive resists, in a 
thickness from approximately 6000 to 10000 Angstroms and is 
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selectively sensitive to and exposed to ultraviolet light 
I-line radiation of wavelenojfen 365nm. 

7 . The method o£/claam^l, wherein said second 
photoresist layer posifeiJve type photoresist selected from 
the group consisting of positive DUV, 248nm photoresist, in a 
thickness from/approximately 5000 to 10000 Angstroms and is 
selectively /sensitive to and exposed to ultraviolet light 
deep-UV r^aiation of wavelength 248nm. 



8. The method of claim 1, wherein said etching is 
performed in a two-step etch , selective reactive ion etch, 
RIE, with the first step process chemistry, for etching SiON 
and SiN: CHF 3 , C 2 F 6 , N 2 0 2 Ar, between 500 to 1200 Watts 

15 power, producing etch removal rates of between 1000 to 5000 
Angstroms per minute, next applying: CO, C 4 F 8 , C 2 F 6 , Ar; the 
second step of etching to removing any SiN in the via: CF 4 , 
Ar 0 2 , CH 3 F, between from 200 to 300 Watts power, producing 
etch rates from 1000 to 2000 Angstroms per minute, thus both 

20 the trench and via openings are formed in a dual damascene 
process . 

* k x 9. The method of clairff 1, wherein the dual damascene 




ith^a di 



trench/via is lined witl/a diffusion barrier, filled with 
25 conducting metal and y^herelfiy the excess metal is removed by 
chemical mechanical polish . 
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10. The method of claim 1, wherein multilevel 
conducting layers are fabricated by repeating the process 
steps described in the method of claim 1 . 

^l^ 11 A meth ° d ° f dUal damascene Patterning by use 
two-layered photoresist process, having different wavelength 
sensitivities for each layer, comprising: 

providing a substrate over which is formed composite 
layers of insulation wherein said composite layers comprise < 
first layer of dielectric separated from a second layer of 
dielectric by an intermediate etch scop layer of dielectric 
and etch stop layer of dielectri$/below the first layer of 
dielectric- 
forming a top dielectr^fe layer over said composite 
layers of dielectric; 

forming a first photoresist layer over said composite 
layers of dielectric Ansulafc^cin and said top dielectric 
layer; 

patterning d via hole pattern in said first photoresist 
layer composed /Dy exposing to I-line 365nm radiation and 
developing s^id first photoresist layer by using a via hole 
mask; 

formi/kg a second photoresist layer over said first 
photores/st layer; 

patterning a trench line pattern in said second 
photoresist layer by exposing to deep-UV 248nm radiation and 
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developing said second photoresist layer by using a trench 
line mask; 

etching, in two-step process, said second layer/bf 
dielectric underlying said first layer of photoresist using 
the via hole patterned layer of the first photofesist as a 
mask and transferring said via hole pattern ^to said second 
layer of dielectric- 
etching said intermediate layer of^ dielectric under said 
second layer of dielectric using the/first layer of 
photoresist as a mask and transferring said via hole pattern 
in said layer of photoresist in;fo said intermediate layer of 
dielectric; 



etching said composite la^er of insulation transferring 

'into Jiaid first layer of photoresist 



said trench line patterr 

and into said second Layer of 'dielectric to form a trench 
line opening, and a^ the same time transferring said via hole 
pattern into said/intermediate layer of dielectric and into 
said first laye/ of dielectric to form a via hole opening; 

removino/said layers of photoresist and any exposed 
insulating /Material in the trench line opening and via hole 
opening; 

depositing metal into the trench line and via hole 
opening with subsequent removal of excess metal by chemical 

mical polishing back, to form inlaid conducting 
interconnects lines and contact vias, in a dual damascene 
process . 
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12. The method of claim 11, wherein said substrate is 
semiconductor single crystal silicon or an IC module. 



10 



15 



\\^13. The method of claim 11, whereip^^aid composite 
layers of insulation are low dielecj^ic constant dielectric 
material which are selected front^ the group consisting of 
SiOF x , SiOC x , SiOH x , in a th^kness from approximately 4000 to 
1200 Angstroms for saicr first layer of dielectric and in a 
thickness from approximately 4000 to 8000 Angstroms for said 



second layer of di/electrl 




14. The method of claim 11, wherein said intermediate 
etch stop/layer of dielectric is selected from the group 
consisting of silicon nitride, Si x N y , in a thickness from 
approximately 200 to 500 Angstroms, and can used in tandem 
with another etch stop layer or without said etch stop 
layers . 



15. The method of claim 11, wherein said top insulating 
20 layer is silicon oxynitride, SiON, in a thickness from 
approximately 300 to 1000 Angstroms. 



The method of claim 



wherein said first 



5^V> 16 - * ~~y~. 

photoresist layer is positive type photoresist selected from 

25 the group consisting of I^lineVpositive resists, in a 

thickness from approximately 6000 to 10000 Angstroms and is 
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selectively sensitive to and exppg£d to ultraviolet light 
I-line radiation of wavelengtn 365nm. 



17. The method &t cla 
photoresist layerydfs posit 



11, wherein said second 
type photoresist selected from 
the group consisting of positive DUV, 248nm photoresist, in a 
thickness fp&n approximately 5000 to 10000 Angstroms and is 
selectively sensitive to and exposed to ultraviolet light 
deep-U)/ radiation of wavelength 248nm. 



18. The method of claim 11, wherein said etching is 
performed in a two-step etch , selective reactive ion etch, 
RIE, with the first step process chemistry, for etching SiON 
and SiN: CHF 3 , C 2 F 6 , N 2 0 2 Ar, between 500 to 1200 Watts 
power, producing etch removal rates of between 1000 to 5000 
Angstroms per minute, next applying: CO, C 4 F 8 , C 2 F 6 , Ar; the 
second step of etching to removing any SiN in the via: CF 4 , 
Ar 0 2 , CH 3 F, between from 200 to 300 Watts power, producing 
etch rates from 1000 to 2000 Angstroms per minute, thus both 
the trench and via openings are formed in a dual damascene 
process . 

19. The method of cl^im 11, wherein the dual damascene 
t^nch/via is lined witja^ a/\ diffusion barrier, filled with 
conducting metal andywheriby the excess metal is removed by 
chemical mechanica/ polish. 
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20. The method of claim 11, wherein multilevel 
conducting layers are fabricated by repeating the process 
steps described in the method of claim 11. 

5 "3^^^ 21 • A method of dual damascene patterning by use 

two-layered photoresist process, having different way^length 
sensitivities for each layer, comprising: X 

providing a substrate over which is formed composite 
layers of insulation wherein said composite layers comprise a 
10 first layer of dielectric separated from a second layer of 
dielectric by an intermediate etch atop layer of dielectric 
and etch stop layer of dielectric/below the first layer of 
dielectric; / 

forming a top dielectri/fc layer over said composite 
15 layers of dielectric; / 

forming a first p^toresist layer composed of polymer 
over said composite i^ayers^pr dielectric insulation and said 
top dielectric layer; 

patterning A via hole pattern in said first photoresist 
20 layer composed/of polymer, positive type, by exposing to 

I-line 365nm/radiation and developing said first photoresist 
layer by using a via hole mask; 

fornang a second photoresist layer composed of polymer 
over saad first photoresist layer; 
25 patterning a trench line pattern in said second 

photoresist layer composed of, polymer, positive type, by 
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exposing to deep-UV 248nm radiation and developing said 
second photoresist layer by using a trench line mask; 

etching in the first of a two-step selective restive 
ion etch process using the following gases, for step one: 
CHF 3 , C 2 F 6/ N 2 0 2 Ar / CO, C 4 F 8 , C 2 F 6 , Ar, producip^ trench and 
via openings; 

etching in the second of a two-step /^elective reactive 
ion etch process using the following gases, for step two: 
CF 4/ Ar 0 2 , CH 3 F, removing SiN for bottom of via opening; 

etching said second layer oy dielectric underlying the 
first layer of photoresist usij^g the via hole patterned layer 
of the first photoresist as A mask and transferring said via 
hole pattern into said setpond layer of dielectric, by etch 
step one above ; 




etching said intermediate <Dayer of dielectric under said 



second layer of dielectric using the first layer of 
photoresist as a rpfask and transferring said via hole pattern 
in said layer of/ photoresist into said intermediate layer of 
dielectric, by/etch step one above; 

etching/said composite layer of insulation transferring 
said trend/ line pattern into said first layer of photoresist 
and into jsaid second layer of dielectric to form a trench 
line opening, and at the same time transferring said via hole 
pattern into said intermediate layer of dielectric and into 
said /first layer of dielectric to form a via hole opening, by 
etch^step one above; 
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removing said flayers of photoresist and any exposed 
insulating material in the treptfh line opening and via hole 
opening by ashing and by ejfech step two above; 

depositing metal irt^o the trench line and via hole 
opening with subsequent rem9#a.L of excess metal by chemical 
mechanical polishi/ftg back, to form inlaid conducting 
interconnects l^nes and contact vias, in a dual damascene 
process , 

22. The method of claim 21, wherein said substrate is 
semiconductor single crystal silicon or an IC module. 

23. The method of claim 21^* wherein said composite 
iyers of insulation are Xdw dielectric constant dielectric 

material which are sel^btett from the group consisting of 
SiOF x , SiOC x , SiOH x ,/in a tfhjickness from approximately 4000 to 
1200 Angstroms for said first layer of dielectric and in a 
thickness f ron/approximately 4000 to 8000 Angstroms for said 
second layei/ of dielectric. 




24. The method of claim 21, wherein said intermediate 
etch stop layer orMielectric is selected from the group 
consisting of silicon \iitride, Si x N y , in a thickness from 
approximately 200 to SOO^ngstroms , and can used in tandem 
with another etch stop laye£\or without said etch stop 
layers. 
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25. The method of claim 21, wherein said top insulating 
layer is silicon oxynitride, SiON, in a thickness from 
approximately 300 to 1000 Angstroms. 

C|^\26. The method of claim 21, wher^i^ said first 
pkeftoresist layer is positive type^^ihotoresist selected from 
the group consisting of I-line y$x>sitive resists, in a 
thickness from approximately 6000 to 10000 Angstroms and is 
selectively sensitive tp and exposed to ultraviolet light 
I-line radiation of wavelength 365nm. 




27. The method of claiyn 21, wherein said second 
photoresist layer is positive type photoresist selected from 
the group consisting of positive DUV, 248nm photoresist, in a 
thickness /from approximately 5000 to 10000 Angstroms and is 
selectively sensitive to and exposed to ultraviolet light 
deep-Uy radiation of wavelength 248nm. 

28. The method of claim 21, wherein said etching is 
performed in a two-step etch , selective reactive ion etch, 
RIE, with the first step process chemistry, for etching SiON 
and SiN: CHF 3 , C 2 F 6 , N 2 0 2 Ar, between 500 to 1200 Watts 
power, producing etch removal rates of between 1000 to 5000 
Angstroms per minute, next applying: CO, C 4 F 8 , C 2 F 6 , Ar; the 
second step of etching to removing any SiN in the via: CF 4 , 
Ar 0 2 , CH 3 F, between from 200 to 300 Watts power, producing 
etch rates from 1000 to 2000 Angstroms per minute, thus both 
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the trench and via openings are formed in a dual damascene 
process . 

^0^t^29. The method of clainy^l, wherein the dual damascene 
trfench/via is lined with a/diffusion barrier, filled with 
conducting metal and pp^Bi^the excess metal is removed by 
chemical mechanical ^polish. 

30. The method of claim 21, wherein multilevel 
conducting layers are fabricated by repeating the process 
steps described in the method of claim 21. 
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